To analyze the spectrum and founder effect of TMC1 mutations in patients with nonsyndromic deafness in the Xiamen area. patients. In total, four novel variants were detected in this study. These mutations and variants were not detected in 100 normal samples. The haplotypes of the probands of families with TMC1 c.2050G>C were identical. There were unique hotspots and spectra of TMC1 mutations in the Xiamen deaf population. Haplotype analysis is useful to understand the founder effect of the hot spot mutation.
| INTRODUCTION
TMC1 mutations have recently been found to be one of the major causes of profound recessive deafness worldwide (Ayesha et al., 2016) . In humans, most TMC1 mutations are recessive mutations associated with congenital non-syndromic severe to profound deafness DFNB7/11, whereas dominant alleles of TMC1 were reportedly associated with progressive loss of hearing DFNA36 (Kitajiri et al., 2007) . Until now, there were 84 definite pathogenic sites of TMC1 reported in HGMD (http:// www.hgmd.cf.ac.uk/ac/index.php); the pathogenicity of most of them was determined by a consanguineous marriage pedigree study, which showed a sporadic phenomenon. In this study, we discovered that a single site of TMC1 (c.2050G>C) from sporadic families in one region had a high incidence; single nucleotide polymorphisms (SNPs) were used to identify its founder effect.
The TMC1 gene has 24 exons and spans 314,551 base pairs on chromosome 9q21.13. The protein, which functions as an ion channel or transporter to mediate K+ homeostasis for the normal function of cochlear hair cells, consists of 760 amino acids containing six transmembrane (TM) domains (Xue et al., 2013) . TMC1 c.2050G>C (p.D684H) is a missense variant in exon21. We used TMHMM2.0 to predict the structure of the TMC1 protein, including its six TMs with cytoplasmic Nand C-termini. The results indicated that TMC1 c. 2050G>C (p.D684H) occurs in the extracellular region between TM5 and TM6, and that this mutation may affect ion channel function in hair cells. 
| MATERIALS AND METHODS

2.1
| Xiamen special education school
In total, 110 of 155 unrelated patients with hearing impairment (152 students, 3 teachers) from Xiamen Special Education School in Fujian province were not found to have a definite etiology in three common deafness genes by Sanger sequencing of all exons of GJB2, SLC26A4, and mtDNA 12SrRNA. The patients were then screened for the TMC1 gene . In addition, 100 individuals with normal hearing from the Xiamen area were also screened for the TMC1 gene.
| Ethics statement and DNA samples
The protocol for this investigation was performed with the approval of the Ethics Committee of Chinese PLA General Hospital. All subjects or their guardians signed informed consent forms prior to blood sampling. Questionnaires included basic information such as name, age, address, family history, health records of the mother during pregnancy, and a clinical history of the patient such as infections and the use of aminoglycoside antibiotics. Physical examination, standard audiometric evaluations, and a computed tomography (CT) scan of the temporal bone of the probands were performed . DNA was extracted from peripheral blood leukocytes using a commercially available DNA extraction kit (Watson Biotechnologies Inc., Shanghai, China).
| Methods
| Targeted next-generation sequencing
The next-generation sequencing panel of MyGenostics was used for the three families (Ying et al., 2015) . This panel was designed with biotinylated oligo-probes to capture all exons, splice sites, and immediate flanking intron sequences of 109 deafness genes (Table S1 , Supplementary Information), including all known genes for non-syndromic hearing loss and some relatively common genes for syndromic hearing loss (at the time when the panel was designed).
Captured DNA fragments were sequenced on Illumina HiSeq2000
Analyzers. Data analysis and bioinformatics processing were performed following standard Illumina procedures. Reads were aligned to NCBI37/hg19 assembly using the BWA Multi-Vision software package. SNVs were detected and genotyped with the GATK UnifiedGenotyper in single-sample mode. Indels were identified using the GATK Indel Genotyper. Potentially pathogenic variants were defined as nonsense, missense, splice-site, and indel variants that have allele frequencies under 0.01 (determined by databases including NCBI dbSNP, NHLBI ESP, and 1000 Genomes). Detection software (CapitalBio, Beijing, China) using Human Genome GRCh38.p7 Primary Assembly as a reference.
| TMC1 sequencing
| SNPs and MassARRAY SNP genotyping
The SNPs used in the study were identified based on the NCBI database. SNPs for haplotypes were chosen as follows: (i Candidate variants are summarized in Supplementary Table S4 .
Consistent with the recessive inheritance of the families, bi-allelic mutations were identified in these probands. Ruling out the mutations that result in homozygous or compound heterozygotes in the normal hearing database (in-house NGS database of our own lab), a homozygous TMC1 c.2050G>C was found through NGS in two deaf children in a XJA family with two heterozygous normal hearing parents.
| Xiamen special education school
One-hundred fifty-five unrelated patients with hearing impairment (152 students and 3 teachers) from Xiamen Special Education School in Fujian province were tested for three common deafness genes (GJB2, SLC26A4, and mtDNA 12SrRNA) of China. There were 20 patients (12.9%) confirmed to have GJB2 deafness-causing mutations, 18 (11.61%) confirmed to be carrying two SLC26A4 pathogenic 
| Mutation analysis
There were four novel variants not reported before. We predicted their pathogenicity with software.
| c.804G>A(p.W268X)
The pathogenicity of this mutation was analyzed by MutationTaster software and SPIDEX (http://tools.genes.toronto.edu/), with the results suggesting "disease causing automatic" with a MutationTaster predicted to be a disease-causing mutation.
| c.1764-4C>A
The score of the splicing variants from SPIDEX was −10.47, which means low pathogenicity. This variant was predicted to be a polymorphism.
| c.2073G>A(p.K691K)
This variant causes no change in amino acid, and its SPIDEX score was −0.21, which means low pathogenicity. This variant was also predicted to be a polymorphism.
| Haplotype of TMC1 c.2050G
Four families (XJA, M126, M372, and XJ87) with TMC1 c.2050G>C
mutations were haplotype analyzed with SNPs. A total of 53 SNPs was used to construct haplotypes for TMC1 c.2050G>C, and two
generations of these families were tested. The proband of each family was divided into two haplotypes from parents. According to the results of SNP testing, the haplotype of TMC1 c.2050G>C was identical for the four families (Figure 3 ).
| DISCUSSION
Most reports about mutations of TMC1 were from the special pedigree study of families with consanguineous marriages. Kalay reported TMC1 mutations in 6% (4/65) of the GJB2-negative ARNSHL families and 4% (4/93) of all ARNSHL families from the northeast and east of Turkey (Kalay et al., 2005) . TMC1 mutations account for 3.4% (19/557) of recessive deafness in Pakistani ARNSHL families, 3.5% (3/85) in Tunisian families (Tlili et al., 2008) , and 1.6% in India (Ganapathy et al., 2014 suggesting that TMC1 is a highly conserved gene and its variants are rarely tolerated (Bademci et al., 2016) .
In China, recent studies on TMC1 mutations such as c.589G>A, c.1171C>T (Xue et al., 2013) , c.1209G>C (Tao, Xiaoming, Yongchuan, Lei, & Hao, 2013) , c.1253T>A (Yali et al., 2014) , c.1714G>A (Xue et al., 2015) , and c.1979C>T (Jiongjiong et al., 2016) have been reported. All mutations were analyzed by genetic testing of sporadic families without regional specificity. In this study, a high incidence of TMC1 mutations in Xiamen was observed in the genetic testing of sporadic families and epidemiologic investigation in a deaf population revealing a hot spot phenomenon in this area.
South Fujian, including Xiamen with the dialect of Hokkien (Southern Min), showed special mutation sites in common deafnesscausing genes. The second most common mutation of SLC26A4 was 
